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Displacement Control of Water Hydraulic McKibben Muscle
(1st Report : Modeling of a Muscle and Application of Bouc-Wen Model)

Wataru KOBAY ASHI, Kazuhisa ITO

This paper is concerned with modeling of water hydraulic McKibben muscle. In particular, linear system identification
technique is applied to the muscle in order to obtain a muscle dynamic model. However, the muscle has nonlinearity such
as hysteresis and saturation characteristics. It is difficult to express the nonlinearity using linear system identification
because the linear model is assumed. Then we propose the introduction of Bouc-Wen model which is widely used for
expression of hysteresis characteristics for the identified muscle model. The application of Bouc-Wen model is easy because
of the structure of the identified model and the proposed muscle model has good agreement with experimental results. In
addition, the model for gait-training taking into consideration of its operation range can be obtained. Applying to limited

operation range, the performance of the identified muscle model is improved and then the model which can express

hysteresis and saturation characteristics can be obtained.

Key words : Water hydraulics, McKibben muscle, Modeling, Bouc-Wen model, System identification
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Table 1 Parameters of McKibben muscle

Parameters Value Unit
Natural length L, 540 mm
Thread length b 594 mm
Turns of a thread » 54 (¢
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Table 2 Classification of Bouc-Wen model

Class Parameters

I A>0, p+y>0andp—y=>0
A>0 p-y< 0andf >0

1 A<O0, p—-y>0andp+y=>0

v A=0p+y>0andpf—-y=>0

\Y All other cases
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TH 5720, Bouc-Went 7N % BiHAL T 2 LB XH 5.
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VOMEHALEIT) .

dx  x(t+h) —x(t) _ x(k+1) —x(k)

~ (6)
dt h h
&~ x (& +2h)=2x (@t +h)+x(¢)
ar* R
(7)
B x(k+2)=2x(k+1)+x(k)
= ¥

ZZT, NI YT VR TH S, RRloniERES
WA H A L, Bouc-Wen® F VT kA D X 5 1ol
MPEIRIC B A RIFUCH IR LT ENTE S,

y=Ax Byl -riyl

y(k+1) —y k)

5 =Ax(k)-p

x(k+12—x(k)‘|y !

8
—7ly®r @

y(k+1) =Ahx (D) =B x(k+1D)—x k)| y k)"
—yh|y@E) "+ (k)
DWW, BEFRERIZEREG, @) TH 25N TWw A1)
IR FIUE IR 5.
1(k)=0.93561 (k—1) +67.22p (k—1) (9)
VYEXD, ATV I R2EE L AN THOMREETIV
BT TE26N5.,
1(k)=®(k=1)+67.22u (k1)
@ (k—1)=0.935601 (k—1) +0.9356 (1—a)y (k—1)
y(k=1) =Ahl (k=2)=p|1(k=1) =1 (k=2)|
Jyk=2)""=yh|y(k=2)"+y (k—2)

(10)
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Table 3 Identified hysteretic parameters of muscle model

Parameter Value
A 1
a 09350
p 00040
y —00002
n 1
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Fig.6 Comparison of hysteresis loop of proposed models
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Table 4 Cadence for gait-training [step/min]®

Cadence Walking cycle
[step/min] [Hz]
0-4 weeks 68 057
Rehabiltation [, " ks 89 075
period
8 weeks — 106 088

_5_

FZEIZHW S EF VI 3EDEF ML E FREARXE TV
&L, BATIICLE & S A BRI RS A e A
NxG 272 NTHETF TR E R LU F ISR SRS
IREfH 1 REERE R LT D,
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11.56
G(2) =0 9837 1w
5 N7 [ %E E 7 IV IZBouc-WenE 7V & Ml b 72
REEFNEZRNNS, NI RX—F ZWFa—= 7 LIk
% Table 5IZF NFIURT.
1 (k)=®(k-1)+11.56u (k —1)
@ (k—1) =0.9837al (k—1) +0.9837 (1—a)y (k—1)
y(k=1) =4nl(k=2)-p|1(k—1) —1(k—2)|

JyE=2)1""=yh|y(k=2)|"+y (k—2)
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Table 5 Identified parameters for gait-training muscle

model

Parameter Value
A 08950
a 041
B 00039
14 —00012
n 1
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Fig. 7 Comparison of experiment and simulation
(Identified model without Bouc-Wen model)
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Fig. 9 Comparison of identified model without BW model
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Fig. 10 Hysteresis analysis with load: 3.5kg
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WEZNFNTable 6B X UFig 1212777, Fig 12121, It
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Table 6 Re-identified parameters (load: 3.5kg)

Parameter Value
A 0965
a 098
B 0063
y 0050
n 1
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Fig. 12 Hysteresis analysis of re-identified muscle model
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Fig. 13 Hysteresis analysis with load: 7 kg
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Vibration Phenomenon of Poppet Valve in Hydraulic System
(Relationship between Poppet Valve Vibration and Cavitation Phenomenon)

Kento KUMAGALI Shohei RYU, Masanori OTA,
Kazuo MAENO, Jun ZOU

Poppet valve is one of the most popular components in hydraulics, and it is also known as a trouble maker because it

induces some unpredictable vibration in hydraulic system. In this research, thanks to the rapid development of visualization

technology and digital simulation technology, we make a re-study on the well-known problem of unpredictable vibration

phenomenon. Results show that; 1) stability of a poppet valve essentially depends on the components and parameters of

the system, but the stability characteristics are influenced by the cavitation state at the downstream of the valve, 2) by

changes in the compressibility of the hydraulic fluid with cavitation, frequency characteristics of the poppet valve are

changed to unstable ones. Since the cavitation has complicated relations with various factors, the prediction of vibration of

the poppet valve affected by cavitation is generally difficult. Therefore, the vibration may come out suddenly beyond

prediction. The results of this paper can give a guide for the cavitation vibration of a poppet valve.

Key words : Poppet valve, Vibration, Cavitation, Bulk modulus, Digital simulation
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Table 1 Experimental Conditions

Quantity Symbol Value Units
Differential Press. ~ 4P,,(=P,,,—P,,) 175  MPa (Gauge)
Downstream Press. Ave. £, ,, e 005, 1 MPa (Gauge)
Flow Rate of Pump O, 0~50 L/min
Oil Temperature T 40+2 degC
Kinetic Viscosity v 4547  mi /s@40 deg C
Qil Density p 8689 kg/m
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Table 2 Specification of parameters

Quantity Symbol  Value Units

Discharged Coefficient of Throttle C,, 07 —
Inside Diameter of Down-Stream Pipe 4, 19E-3 m
Diameter of Poppet Outside d,,; 23E-3 m
Seat Diameter of Poppet Valve d,» 18E-3 m
Orifice Diameter of Poppet d,; 3E-3 m
Inside Diameter of Up-Stream Pipe d,, 127E-3 m
Young's Modulus of Pipe E 06E+9 Pa
Thickness of Down-Stream Pipe €, 5E-3 m
Restitution Coefficient e 0035 —
Thickness of Up-Stream Pipe e, 35E-3 m
Clearance berween poppet and block 7 01E-3 m
Bulk Modulus of Hydraulic Oil K, 1IE+9 Pa
Spring Constant ky, 20E3 N/m
Length of Sliding Portion on Poppet L., 28E-3 m
Length of Down-Stream Pipe Ly, 1 m
Length of Up-Stream Pipe L, 3 m
Mass of Poppet m 01 kg
Partition Number of Pipe n 20 —
Pressure of Tank (Gauge Pressure) P, 0 Pa
Initial Volume of Spring Chamber Vi 8E-6 mA3
Volume of Down-Stream Chamber Vi 556E-6 m"3
Volume of Up-Stream Chamber Vi 27E-6 m"3
Initial Shrinkage Length of Spring X; 119E-3 m
Cone Angle of Poppet o 110 deg
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Fig. 4 Wave Form of Poppet Vibration
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